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(54) DISPLAY DEVICE

(57) A display device is provided, which includes a
first substrate, a first subpixel and a second subpixel.
The first subpixel is disposed on the first substrate and
the second subpixel is disposed adjacent to the first sub-
pixel. The first subpixel and the second subpixel are
spaced apart from each other by a pitch. At least one of
the first subpixel and the second subpixel includes a
light-emitting unit and a light conversion layer disposed

on the light-emitting unit. The first subpixel includes an
active layer having a first length along a direction that is
perpendicular to a normal direction of the first substrate.
The light conversion layer has a second length along the
direction that is perpendicular to the normal direction of
the first substrate. The first length (A), the second length
(B) and the pitch (Sp) conform to the following formula:
A+1 micrometers < B < Sp-1 micrometers.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of U.S. Provi-
sional Patent Application No. 62/728,118, filed on Sep-
tember 7, 2018, and Chinese Patent Application No.
201910137463.5, filed on February 25, 2019, the entirety
of which are incorporated by reference herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a display de-
vice, and in particular relates to the configuration of the
elements in the display device.

Description of the Related Art

[0003] Electronic products that come with a display
panel, such as smartphones, tablets, notebooks, moni-
tors, and TVs, have become indispensable necessities
in modern society. With the flourishing development of
such portable electronic products, consumers have high
expectations regarding the quality, functionality, and
price of such products.
[0004] In recent years, light-emitting diodes (LEDs)
have been widely used. The light-emitting diodes have
been thinned, miniaturized, and arrayed by the micro
light-emitting diode (micro LED) technology. Although
currently existing light-emitting diodes have been ade-
quate for their intended purposes, they have not been
entirely satisfactory in all respects. For example, the
problems such as the improvement of light conversion
efficiency or light extraction efficiency etc. still exist. Ac-
cordingly, the development of a structural design of the
display device that is capable of further improving the
performance of light-emitting diodes is still one of the
goals that the industry currently aims for.

SUMMARY

[0005] In accordance with some embodiments of the
present disclosure, a display device is provided. The dis-
play device includes a first substrate, a first subpixel and
a second subpixel. The first subpixel is disposed on the
first substrate and the second subpixel is disposed ad-
jacent to the first subpixel. The first subpixel and the sec-
ond subpixel are spaced apart from each other by a pitch.
At least one of the first subpixel and the second subpixel
includes a light-emitting unit and a light conversion layer
disposed on the light-emitting unit. The first subpixel in-
cludes an active layer having a first length along a direc-
tion that is perpendicular to a normal direction of the first
substrate. The light conversion layer has a second length
along the direction that is perpendicular to the normal
direction of the first substrate. The first length (denoted

as A), the second length (denoted as B) and the pitch
(denoted as Sp) conform to the following formula: A+1
micrometers < B < Sp-1 micrometers.
[0006] A detailed description is given in the following
embodiments with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The disclosure may be more fully understood
by reading the subsequent detailed description and ex-
amples with references made to the accompanying draw-
ings, wherein:

FIG. 1 illustrates a top-view diagram of the display
device in accordance with some embodiments of the
present disclosure.
FIG. 2 illustrates a cross-sectional diagram of the
subpixel along the line segment X-X’ in FIG. 1 in
accordance with some embodiments of the present
disclosure.
FIGs. 3A and 3B illustrate the cross-sectional dia-
grams of the light-emitting unit in accordance with
some embodiments of the present disclosure.
FIG. 4A illustrates a top-view diagram of the light-
emitting unit and the light conversion layer in accord-
ance with some embodiments of the present disclo-
sure.
FIG. 4B illustrates a cross-sectional diagram along
the line segment Y-Y’ in FIG. 4A in accordance with
some embodiments of the present disclosure.
FIGs. 5A-5E illustrate the top-view diagrams of the
active layer of the light-emitting unit in accordance
with some embodiments of the present disclosure.
FIG. 6A illustrates a top-view diagram of the light-
emitting unit and the light conversion layer in accord-
ance with some embodiments of the present disclo-
sure.
FIG. 6B illustrates a cross-sectional diagram of the
light-emitting unit and the light conversion layer
along the line segment Y-Y’ in FIG. 6A in accordance
with some embodiments of the present disclosure.
FIG. 7A illustrates a top-view diagram of the light-
emitting unit and the light conversion layer in accord-
ance with some embodiments of the present disclo-
sure.
FIG. 7B illustrates a cross-sectional diagram of the
light-emitting unit and the light conversion layer
along the line segment Y-Y’ in FIG. 7A in accordance
with some embodiments of the present disclosure.
FIG. 8 illustrates a cross-sectional diagram of the
display device in accordance with some embodi-
ments of the present disclosure.
FIG. 9 illustrates a cross-sectional diagram of the
display device in accordance with some embodi-
ments of the present disclosure.
FIG. 10 illustrates a cross-sectional diagram of the
display device in accordance with some embodi-
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ments of the present disclosure.

DETAILED DESCRIPTION

[0008] The structure of the display device of the
present disclosure and the manufacturing method there-
of are described in detail in the following description. In
the following detailed description, for purposes of expla-
nation, numerous specific details and embodiments are
set forth in order to provide a thorough understanding of
the present disclosure. The specific elements and con-
figurations described in the following detailed description
are set forth in order to clearly describe the present dis-
closure. It will be apparent, however, that the exemplary
embodiments set forth herein are used merely for the
purpose of illustration, and the inventive concept may be
embodied in various forms without being limited to those
exemplary embodiments. In addition, the drawings of dif-
ferent embodiments may use like and/or corresponding
numerals to denote like and/or corresponding elements
in order to clearly describe the present disclosure. How-
ever, the use of like and/or corresponding numerals in
the drawings of different embodiments does not suggest
any correlation between different embodiments. In addi-
tion, in this specification, expressions such as "first ma-
terial layer disposed on/over a second material layer",
may indicate the direct contact of the first material layer
and the second material layer, or it may indicate a non-
contact state with one or more intermediate layers be-
tween the first material layer and the second material
layer. In the above situation, the first material layer may
not be in direct contact with the second material layer.
[0009] It should be noted that the elements or devices
in the drawings of the present disclosure may be present
in any form or configuration known to those with ordinary
skill in the art. In addition, in the embodiments, relative
expressions are used. For example, "lower", "bottom",
"higher" or "top" are used to describe the position of one
element relative to another. It should be appreciated that
if a device is flipped upside down, an element that is
"lower" will become an element that is "higher".
[0010] It should be understood that, although the terms
first, second, third etc. may be used herein to describe
various elements, components, regions, layers, portions
and/or sections, these elements, components, regions,
layers, portions and/or sections should not be limited by
these terms. These terms are only used to distinguish
one element, component, region, layer, portion or section
from another element, component, region, layer, position
or section. Thus, a first element, component, region, lay-
er, portion or section discussed below could be termed
a second element, component, region, layer, portion or
section without departing from the teachings of the
present disclosure.
[0011] It should be understood that the descriptions of
the exemplary embodiments are intended to be read in
connection with the accompanying drawings, which are
to be considered part of the entire written description.

The drawings are not drawn to scale. In addition, struc-
tures and devices are shown schematically in order to
simplify the drawing.
[0012] The terms "about" and "substantially" typically
mean +/- 20% of the stated value, more typically +/- 10%
of the stated value, more typically +/- 5% of the stated
value, more typically +/- 3% of the stated value, more
typically +/- 2% of the stated value, more typically +/- 1%
of the stated value and even more typically +/- 0.5% of
the stated value. The stated value of the present disclo-
sure is an approximate value. When there is no specific
description, the stated value includes the meaning of
"about" or "substantially".
[0013] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this disclosure belongs. It should be appreciated
that, in each case, the term, which is defined in a com-
monly used dictionary, should be interpreted as having
a meaning that conforms to the relative skills of the
present disclosure and the background or the context of
the present disclosure, and should not be interpreted in
an idealized or overly formal manner unless so defined.
[0014] In addition, in some embodiments of the present
disclosure, terms concerning attachments, coupling and
the like, such as "connected" and "interconnected", refer
to a relationship wherein structures are secured or at-
tached to one another either directly or indirectly through
intervening structures, as well as both movable or rigid
attachments or relationships, unless expressly described
otherwise.
[0015] Furthermore, the phrase "in a range between a
first value and a second value" or "in a range from a first
value to a second value" indicates that the range includes
the first value, the second value, and other values be-
tween them.
[0016] In accordance with some embodiments of the
present disclosure, a display device is provided. The dis-
play device includes a light-emitting unit and a light con-
version layer that are configured in a specific manner so
that light conversion efficiency or light-emitting efficiency
of the display device may be improved.
[0017] FIG. 1 illustrates a top-view diagram of a display
device 10 in accordance with some embodiments of the
present disclosure. It should be understood that only
some of the elements of the display device 10 are shown
in FIG. 1 for clarity of illustration. In accordance with some
embodiments of the present disclosure, additional fea-
tures may be added to the display device 10 as described
below. In some other embodiments, some of the features
of the display device 10 described below may be replaced
or omitted.
[0018] Referring to FIG. 1, the display device 10 may
include a first substrate 102a and a plurality of subpixels
100 disposed on the first substrate 102a. For conven-
ience of description, the two subpixels 100 are denoted
as a first subpixel 100a and a second subpixel 100b here-
in, and the first subpixel 100a and the second subpixel
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100b are taken as an example to illustrate the pitch of
the subpixels 100. As shown in FIG. 1, the second sub-
pixel 100b is disposed adjacent to the first subpixel 100a,
and spaced apart from each other by a pitch Sp. In some
embodiments, the display device 10 may be, for example,
a flexible display device, a touch display device, a tiled
display device, or a curved display device, but the present
disclosure is not limited thereto.
[0019] It should be understood that the term "pitch" as
used herein may be defined as the distance between the
center point of a region of one subpixel and the center
point of a region of another subpixel that is adjacent there-
to. Alternatively, as shown in FIG. 1, the term "pitch" may
be defined as the distance between an edge of one side
(e.g., the right side) of a region of one subpixel (e.g., the
first subpixel 100a) and an edge of the same side (e.g.,
the right side) of a region of another subpixel (e.g., the
second subpixel 100b) that is adjacent thereto. Moreo-
ver, the first subpixel 100a and the second subpixel 100b
may emit light of different or the same color. For example,
the first subpixel 100a and the second subpixel 100b may
emit red light, green light, blue light, or white light and so
on, but the present disclosure is not limited thereto.
[0020] In some embodiments, the first substrate 102a
may be an array substrate. For example, the first sub-
strate 102a may serve as a driving substrate of the dis-
play device 10. Specifically, the first substrate 102a may
include a driving circuit (not illustrated), and the driving
circuit may include, for example, an active driving circuit
or a passive driving circuit. In accordance with some em-
bodiments, the driving circuit may include, but is not lim-
ited to, a transistor (e.g., a switching transistor or a driving
transistor and so on), a data line, a scan line, a conductive
pad, a dielectric layer, or other circuits and so on. The
switching transistor may be used to control the lighting-
on or turning-off of the subpixel 100. In some embodi-
ments, the driving circuit may control the subpixel 100
by an external integrated circuit (IC) or microchip and so
on.
[0021] In some embodiments, the material of the first
substrate 102a may include, but is not limited to, glass,
quartz, sapphire, polycarbonate (PC), polyimide (PI), pol-
yethylene terephthalate (PET), rubbers, glass fibers, ce-
ramics, another suitable material, or a combination there-
of. In some embodiments, the first substrate 102a may
include a metal-glass fiber composite plate, a metal-ce-
ramic composite plate, or a printed circuit board and so
on.
[0022] Next, refer to FIG. 2, which illustrates a cross-
sectional diagram of the subpixel 100 along the line seg-
ment X-X’ in FIG. 1 in accordance with some embodi-
ments of the present disclosure. It should be understood
that only some of the elements of the subpixel 100 are
shown in FIG. 2 to illustrate the positional relationship
between the elements.
[0023] As shown in FIG. 2, the subpixel 100 may in-
clude a second substrate 102b that is disposed opposite
to the first substrate 102a in accordance with some em-

bodiments. In some embodiments, the material of the
second substrate 102b may include, but is not limited to,
glass, quartz, sapphire, polycarbonate (PC), polyimide
(PI), polyethylene terephthalate (PET), rubbers, glass
fibers, ceramics, other suitable materials, or a combina-
tion thereof.
[0024] In some other embodiments, a protective layer
may be used to replace the second substrate 102b. In
some embodiments, the protective layer may include an
organic material or an inorganic material. The protective
layer may be formed by a coating process. In some em-
bodiments, the organic material may include, but is not
limited to, an epoxy resin, an acrylic resin such as
polymethylmetacrylate (PMMA), benzocyclobutene
(BCB), polyimide, polyester, polydimethylsiloxane
(PDMS), other suitable materials, or a combination there-
of. In some embodiments, the inorganic material may
include, but is not limited to, silicon nitride, silicon oxide,
silicon oxynitride, aluminum oxide, other suitable mate-
rials, or a combination thereof.
[0025] In addition, the subpixel 100 may include a light-
emitting unit 200 and a light conversion layer 302 that
are disposed between the first substrate 102a and the
second substrate 102b, and the light conversion layer
302 may be disposed on the light-emitting unit 200. In
accordance with some embodiments, the light-emitting
unit 200 may include a light-emitting diode (LED), a micro
light-emitting diode, or a mini light-emitting diode, or an
organic light-emitting diode (OLED), but the present dis-
closure is not limited thereto. In some other embodi-
ments, the light-emitting unit 200 may include, but is not
limited to, liquid crystals (LC), quantum dots (QD), a flu-
orescent material, a phosphor material, other suitable
materials, or a combination thereof. In some embodi-
ments, the light source provided by the light-emitting unit
200 may include light having short wavelength. For ex-
ample, the wavelength may be in a range from about 10
nanometers (nm) to about 500 nanometers. In some em-
bodiments, the light source provided by the light-emitting
unit 200 may include blue light or UV light.
[0026] Refer to FIGs. 3A and 3B, which illustrate the
cross-sectional diagrams of the light-emitting unit 200 in
accordance with some embodiments of the present dis-
closure. As shown in FIG. 3A, in accordance with some
embodiments, the light-emitting unit 200 may be a light-
emitting unit having a vertical type structure. In accord-
ance with some other embodiments, as shown in FIG.
3B, the light-emitting unit 200 may be a light-emitting unit
having a flip-chip type structure.
[0027] Specifically, the light-emitting unit 200 may in-
clude a first semiconductor layer 202, a second semicon-
ductor layer 204, and an active layer 206. The active
layer 206 may be disposed between the first semicon-
ductor layer 202 and the second semiconductor layer
204. In some embodiments, one of the first semiconduc-
tor layer 202 and the second semiconductor layer 204
may be used to provide and transport electrons, and the
other may be used to provide and transport electron
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holes. In some embodiments, the first semiconductor lay-
er 202 and the second semiconductor layer 204 may be
formed of a semiconductor material having a n-type con-
ductivity and a semiconductor material having a p-type
conductivity, respectively. However, in some other em-
bodiments, the first semiconductor layer 202 and the sec-
ond semiconductor layer 204 may be formed of a semi-
conductor material having a p-type conductivity and a
semiconductor material having a n-type conductivity, re-
spectively.
[0028] In some embodiments, the semiconductor ma-
terial having a n-type conductivity may include, but is not
limited to, gallium nitride (n-GaN) or aluminum indium
phosphide (n-AlInP), which are doped with tetravalent
atoms. In addition, the semiconductor material having a
p-type conductivity may include, but is not limited to, gal-
lium nitride (p-GaN) or aluminum indium phosphide (p-
AlInP), which are doped with divalent atoms. Moreover,
in some embodiments, the active layer 206 may have a
quantum well structure. For example, the active layer 206
may include a single quantum well (SQW), a multiple
quantum well (MQW), a nanowire, other suitable struc-
tures, or a combination thereof. In some embodiments,
the material of the active layer 206 may include, but is
not limited to, gallium nitride, aluminum indium phosphide
(AlInP), indium gallium nitride (InGaN), or a combination
thereof.
[0029] In some embodiments, the first semiconductor
layer 202, the second semiconductor layer 204, and the
active layer 206 may be formed by an epitaxial growth
process. The epitaxial growth process may include, but
is not limited to, a molecular beam epitaxy (MBE) proc-
ess, a liquid phase epitaxy (LPE) process, a solid phase
epitaxy (SPE) process, a vapor phase epitaxy (VPE)
process, a selective epitaxial growth (SEG) process, a
metal organic chemical vapor deposition (MOCVD) proc-
ess, an atomic layer deposition (ALD) process or a com-
bination thereof.
[0030] In addition, in some embodiments, the light-
emitting unit 200 may also include a first electrode layer
208 and a second electrode layer 210 that are disposed
on the first semiconductor layer 202 and the second sem-
iconductor layer 204. Specifically, in the embodiments
where the light-emitting unit 200 has a vertical type struc-
ture, the first electrode layer 208 and the second elec-
trode layer 210 are disposed on opposite sides (as shown
in FIG. 3A). In the embodiments where the light-emitting
unit 200 has a flip-chip type structure, the first electrode
layer 208 and the second electrode layer 210 are dis-
posed on the same side (as shown in FIG. 3B).
[0031] In some embodiments, the first electrode layer
208 and the second electrode layer 210 may be further
electrically connected to the signal line (not illustrated)
and the driving circuit (not illustrated) of the display device
10. In some embodiments, the material of the first elec-
trode layer 208 and the second electrode layer 210 may
include a conductive metal material. For example, the
conductive metal material may include, but is not limited

to, copper (Cu), aluminum (Al), tungsten (W), titanium
(Ti), gold (Au), platinum (Pt), nickel (Ni), tin (Sn), indium
(In), copper alloy, aluminum alloy, tungsten alloy, titani-
um alloy, gold alloy, platinum alloy, nickel alloy, tin alloy,
indium alloy, other suitable conductive materials, or a
combination thereof.
[0032] In some embodiments, the first electrode layer
208 and the second electrode layer 210 may be formed
by one or more deposition processes, photolithography
processes, and etching processes. In some embodi-
ments, the deposition process may include a chemical
vapor deposition process, a physical vapor deposition
process, an electroplating process, an electroless plating
process, other suitable processes, or a combination
thereof. In addition, in some embodiments, the photoli-
thography process may include photoresist coating (e.g.,
spin coating), soft baking, hard baking, mask aligning,
exposure, post-exposure baking, developing the pho-
toresist, rinsing, drying, or another suitable process. In
some embodiments, the etching process may include a
dry etching process, a wet etching process, or another
suitable etching process.
[0033] It should be understood that, in accordance with
some embodiments, the structure of the light-emitting
unit 200 may be adjusted or additional elements may be
disposed in or on the light-emitting unit 200 according to
needs. The light-emitting unit 200 of the present disclo-
sure is not limited to the structures as described above.
[0034] As described above, referring to FIG. 2, the sub-
pixel 100 may include the light conversion layer 302 dis-
posed on the light-emitting unit 200. The light conversion
layer 302 may have the function of converting the wave-
length of light. For example, the light source generated
by the light-emitting unit 200 may be converted into the
light having the wavelength of a particular range (the light
having a particular color). In some embodiments, the light
conversion layer 302 may include a matrix and particles
dispersed in the matrix. In some embodiments, the ma-
terial of the matrix may include, but is not limited to, an
organic polymer, an inorganic polymer, glass, or a com-
bination thereof. The matrix may be transparent or semi-
transparent in accordance with some embodiments.
[0035] In some embodiments, the particles may in-
clude, but are not limited to, phosphors, quantum dot
(QD) materials, organic fluorescent materials, or a com-
bination thereof. In some embodiments, the light conver-
sion layer 302 may include phosphors that can convert
the light source into red light, green light, blue light or
light having any other suitable color. In some embodi-
ments, the quantum dot material may have a core-shell
structure. The core structure may include, but is not lim-
ited to, CdSe, CdTe, CdS, ZnS, ZnSe, ZnO, ZnTe, InAs,
InP, GaP, other suitable materials or a combination there-
of. The shell structure may include, but is not limited to,
ZnS, ZnSe, GaN, GaP, other suitable materials or a com-
bination thereof.
[0036] In addition, in some embodiments, the light con-
version layer 302 may include scatter particles. For ex-
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ample, the scatter particles may have a high reflection
coefficient (e.g., greater than 30%). The scatter particles
may further increase light absorption efficiency of the
quantum dot material. In some embodiments, the mate-
rial of the scatter particles may include titanium (Ti) or
zinc (Zn). For example, in some embodiments, the scat-
ter particles may include, but are not limited to, titanium
dioxide (TiO2), niobium-doped titanium oxide (TNO),
zinc oxide (ZnO), zirconium dioxide (ZrO2) or a combi-
nation thereof.
[0037] In some embodiments, the light conversion lay-
er 302 may be formed by a chemical vapor deposition
process, a coating process, a printing process, an inkjet
printing process, other suitable processes, or a combi-
nation thereof. Moreover, the light conversion layer 302
may be formed by one or more photolithography proc-
esses and etching processes.
[0038] In addition, in some embodiments, the subpixel
100 may also include an adhesive layer 310 that is dis-
posed between the light-emitting unit 200 and the light
conversion layer 302, a first insulating layer 304 that is
adjacent to the light-emitting unit 200, and a second in-
sulating layer 306 that is adjacent to the light conversion
layer 302. The detailed structures of the adhesive layer
310, the first insulating layer 304 and the second insu-
lating layer 306 will be described in the following context.
[0039] Next, refer to FIGs. 4A and 4B. FIG. 4A illus-
trates a top-view diagram of the first semiconductor layer
202, the active layer 206 and the light conversion layer
302 in accordance with some embodiments of the
present disclosure. FIG. 4B illustrates a cross-sectional
diagram along the line segment Y-Y’ in FIG. 4A.
[0040] As shown in FIGs. 4A and 4B, in a direction (for
example, the X direction) that is perpendicular to the nor-
mal direction of the substrate 102a (for example, the Z
direction) (illustrated in FIG. 2), the active layer 206 of
the light-emitting unit 200 has a first length A and the light
conversion layer 302 has a second length B. In accord-
ance with some embodiments, the first length A of the
active layer 206 and the second length B of the light con-
version layer 302 may conform to the following formula:
A+1 micrometers (mm) <B. In certain embodiments, the
first length A may be less than or equal to 200mm and
greater than or equal to 1mm, but it is not limited thereto.
In certain embodiments, the second length B may be less
than or equal to 600mm, but it is not limited thereto.
[0041] It should be noted that if the first length A of the
active layer 206 is too large (e.g., greater than the second
length B), a part of the light of the light-emitting unit 200
may not be converted. In other words, the light conversion
layer 302 having the second length B that is greater than
the first length A may increase the percentage of light
conversion of the light-emitting unit 200. Specifically, in
one embodiment, when the second length B (or dimen-
sion) of the light conversion layer 302 is about 1.7 times
the first length A (or dimension) of the active layer 206,
light conversion efficiency can be improved by about 1.5
times. In some embodiments, the ratio (B/A) of the sec-

ond length B of the light conversion layer 302 to the first
length A of the active layer 206 may be in a range from
about 1.1 to about 3, for example, 1.2, 1.7 or 2.
[0042] In addition, it should be understood that "the
first length" and "the second length" as used herein are
respectively defined as the length of a short side of a
smallest rectangle that can encompass the active layer
206 and the length of a short side of a smallest rectangle
that can encompass the light conversion layer 302. More
specifically, the smallest rectangles that can encompass
the regions of the active layer 206 and the light conver-
sion layer 302 may be defined with a top-view angle of
the first substrate 102a or the second substrate 102b.
Alternatively, the smallest rectangles that can encom-
pass the regions of the active layer 206 and the light
conversion layer 302 may be defined with a plane (for
example, the XY plane in the figure) that is substantially
perpendicular to the normal direction of the first substrate
102a or the second substrate 102b (for example, the Z
direction).
[0043] Specifically, in this embodiment, the active layer
206 and the light conversion layer 302 have a rectangular
shape, and the first length A of the active layer 206 and
the second length B of the light conversion layer 302 are
respectively the length of the short side of the active layer
206 and the light conversion layer 302. If the rectangle
is a square, either side of the rectangle can be regarded
as a short side.
[0044] In some other embodiments, the shape of the
active layer 206 and the light conversion layer 302 may
be non-rectangular. FIGs. 5A-5E illustrate the top-view
diagrams of the active layer 206 of the light-emitting unit
200 in accordance with some embodiments of the
present disclosure. It should be understood that only the
active layer 206 are shown in FIGs. 5A-5E to illustrate
the definition of the first length A, and the light conversion
layer 302 that is not shown in the figure can be defined
in the same manner. As shown in FIGs. 5A-5E, in ac-
cordance with some embodiments, in a top-view angle
of the first substrate 102a or the second substrate 102b,
a light-emitting region of the active layer 206 may have
a circular shape, an elliptical shape, a hexagonal shape,
a ring shape, a triangle shape, an irregular shape, or any
other suitable shape. In these embodiments, the first
length A of the active layer 206 is the length of the short
side of the smallest rectangle SQ that can encompass
the active layer 206.
[0045] Refer to FIGs. 6A and 6B. FIG. 6A illustrates a
top-view diagram of the first semiconductor layer 202,
the active layer 206 and the light conversion layer 302 in
accordance with some other embodiments of the present
disclosure. FIG. 6B illustrates a cross-sectional diagram
along the line segment Y-Y’ in FIG. 6A. As shown in FIGs.
6A and 6B, in some embodiments, the light-emitting re-
gions of the active layer 206 and the light conversion
layer 302 may both have a circular shape. In this embod-
iment, the first length A of the active layer 206 and the
second length B of the light conversion layer 302 also
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conform to the following formula: A+1 mm<B.
[0046] It should be understood that although the light-
emitting region of the active layer 206 have the same or
similar shape as the light conversion layer 302 in the
embodiments as described above, the light-emitting re-
gion of the active layer 206 may have a different shape
from the light conversion layer 302 in accordance with
some other embodiments. For example, refer to FIGs.
7A and 7B. FIG. 7A illustrates a top-view diagram of the
light-emitting unit 200 and the light conversion layer 302
in accordance with some other embodiments of the
present disclosure. FIG. 7B illustrates a cross-sectional
diagram along the line segment Y-Y’ in FIG. 7A. In this
embodiment, the shape of the light-emitting region of the
active layer 206 may be a rectangle having a hollowed-
out region, and the shape of the light conversion layer
302 may be a rectangle. In this embodiment, the first
length A of the active layer 206 and the second length B
of the light conversion layer 302 also conform to the fol-
lowing formula: A+1mm<B.
[0047] Furthermore, in accordance with some embod-
iments, the second length B of the light conversion layer
302 and the pitch Sp by which the subpixels 100 are
spaced apart conform to the following formula: B<Sp-
1mm. In certain embodiments, the pitch Sp may be less
than or equal to 300mm, but the present disclosure is not
limited thereto.
[0048] It should be noted that if the pitch Sp is too small
(for example, less than the second length B), the subpixel
100 may be disturbed by a crosstalk effect, which may
result in color mixing of the light sources. Therefore, the
purity of the color of light source of the light-emitting unit
200 may be reduced.
[0049] Furthermore, in accordance with some embod-
iments, the first length A of the active layer 206 and the
second length B of the light conversion layer 302 conform
to the following formula: A+1 mm<B<Sp-1mm.
[0050] Next, refer to FIG. 8, which illustrates a cross-
sectional diagram of a display device 10A in accordance
with some embodiments of the present disclosure. It
should be understood that the same or similar compo-
nents or elements in above and below contexts are rep-
resented by the same or similar reference numerals. The
materials, manufacturing methods and functions of these
components or elements are the same or similar to those
described above, and thus will not be repeated herein.
[0051] As shown in FIG. 8, the display device 10A may
include the first substrate 102a, the second substrate
102b, the light-emitting unit 200 and the light conversion
layer 302. The second substrate 102b may be disposed
opposite to the first substrate 102a. The light-emitting
unit 200 and the light conversion layer 302 may be dis-
posed between the first substrate 102a and the second
substrate 102b.
[0052] In addition, in some embodiments, the display
device 10A may further include the first insulating layer
304 and the second insulating layer 306. The first insu-
lating layer 304 and the second insulating layer 306 may

be disposed between the first substrate 102a and the
second substrate 102b. In some embodiments, the first
insulating layer 304 may be disposed on the first sub-
strate 102a and adjacent to the light-emitting unit 200,
and the second insulating layer 306 may be disposed on
the first insulating layer 304 and adjacent to the light con-
version layer 302. The first insulating layer 304 and the
second insulating layer 306 may serve as light shielding
layers to reduce crosstalk effects or enhance the color
gamut range. In some embodiments, light conversion lay-
er 302 may substantially define an area of the subpixel
of the display device 10A.
[0053] As shown in FIG. 8, in some embodiments, the
first insulating layer 304 and the second insulating layer
306 may be spaced apart by a distance D1. The distance
D1 may be the minimum distance between the first insu-
lating layer 304 and the second insulating layer 306 along
the normal direction of the first substrate 102a (for ex-
ample, the Z direction) in a cross section. In some other
embodiments, the light-emitting unit 200 and the light
conversion layer 302 also may be spaced apart by the
distance D1. In some embodiments, the distance D1 may
be greater than or equal to 0.1mm and less than or equal
to 10mm, for example, 2mm, 5mm, or 7mm.
[0054] It should be noted that if the distance D1 is too
small (for example, less than 0.1mm), the adhesive layer
310 disposed between the first insulating layer 304 and
the second insulating layer 306 may not be able to effi-
ciently fix the structure. Conversely, if the distance D1 is
too large (for example, greater than 10mm), light conver-
sion efficiency of the light-emitting unit 200 may be de-
creased. Specifically, for the above embodiments in
which the second length B of the light conversion layer
302 is about 1.7 times the first length A of the active layer
206, when the distance D1 is decreased from 3mm to
1mm, light conversion efficiency can be increased by
about 1.2 times.
[0055] Furthermore, in some embodiments, the first in-
sulating layer 304 may be not in contact with the light-
emitting unit 200. In some other embodiments, the first
insulating layer 304 may be in contact with the light-emit-
ting unit 200, for example, a sidewall 304s of the first
insulating layer 304 may be in contact with the light-emit-
ting unit 200. In some embodiments, the sidewall 304s
of the first insulating layer 304 that is adjacent to the light-
emitting unit 200 and the normal direction of the first sub-
strate 102a (e.g., the Z direction) may include an included
angle θ therebetween. For example, the included angle
θ may be in a range from about 0 degree to about 45
degrees, such as about 15 degrees, about 30 degrees,
or about 40 degrees.
[0056] In some embodiments, the first insulating layer
304 and the second insulating layer 306 may include an
insulating material. In some embodiments, the first insu-
lating layer 304 and/or the second insulating layer 306
may include a material having a light shielding property.
For example, the first insulating layer 304 and the second
insulating layer 306 may include a material having high
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reflectivity (e.g., greater than 30%) or low reflectivity (e.g.,
less than 30%). In some embodiments, the material of
the first insulating layer 304 and/or the second insulating
layer 306 may include a black photoresist or a white pho-
toresist. In some embodiments, the materials of the first
insulating layer 304 and the second insulating layer 306
may include, but is not limited to, an organic resin, a glass
paste, other suitable materials, or a combination thereof.
[0057] In some embodiments, the materials of the first
insulating layer 304 and the second insulating layer 306
may further include a reflective material. For example, in
some embodiments, the first insulating layer 304 and the
second insulating layer 306 may further include metal
particles (e.g., nickel, aluminum, molybdenum, and al-
loys thereof), metal oxide particles (e.g., chromium oxide
or titanium dioxide), metal nitride particles (e.g., chromi-
um nitride), graphite particles, or a combination thereof,
but they are not limited thereto. In addition, the first insu-
lating layer 304 and the second insulating layer 306 may
be formed of the same material or different materials. In
some embodiments, the material of the first insulating
layer 304 may include black photoresists, and the mate-
rial of the second insulating layer 306 may include white
photoresists.
[0058] In some embodiments, the first insulating layer
304 and the second insulating layer 306 may be formed
by a chemical vapor deposition process, a coating proc-
ess, a printing process, an inkjet printing process, other
suitable processes, or a combination thereof. Further-
more, the first insulating layer 304 and the second insu-
lating layer 306 may be formed by one or more photoli-
thography processes and etching processes.
[0059] Moreover, in some embodiments, the display
device 10A may further include a third insulating layer
308 disposed between the second insulating layer 306
and the second substrate 102b. The material of the third
insulating layer 308 may be similar to the materials of the
first insulating layer 304 and second insulating layer 306
as described above. In some embodiments where the
material of the second insulating layer 306 includes white
photoresists, the material of the third insulating layer 308
may include black photoresists.
[0060] In addition, in some embodiments, the display
device 10A may further include the adhesive layer 310
disposed between the first insulating layer 304 and the
second insulating layer 306. In some embodiments, the
adhesive layer 310 may be in contact with the light con-
version layer 302, the first insulating layer 304, and the
second insulating layer 306, and the second substrate
102b may be fixed on the first substrate 102a. As shown
in FIG. 8, in some embodiments, the adhesive layer 310
may be disposed between the first insulating layer 304
and the light-emitting unit 200. In some other embodi-
ments, the light-emitting unit 200 may be partially dis-
posed in the first insulating layer 304 with only a top sur-
face 200a in contact with the adhesive layer 310, but it
is not limited thereto. Alternatively, in some other embod-
iments, the light-emitting unit 200 may be entirely dis-

posed in the first insulating layer 304 without being in
contact with the adhesive layer 310.
[0061] The adhesive layer 310 may include an adhe-
sive material. In some embodiments, the adhesive layer
310 may include, but is not limited to, an optical clear
adhesive (OCA), an optical clear resin (OCR), other suit-
able adhesive materials, or a combination of the thereof.
In some embodiments, the adhesive layer 310 may be
transparent or semi-transparent.
[0062] In some embodiments, the adhesive layer 310
may be formed by a chemical vapor deposition process,
a coating process, a printing process, an inkjet printing
process, other suitable processes, or a combination
thereof.
[0063] Furthermore, in some embodiments, the dis-
play device 10A may further include a filter layer 312
disposed on the light conversion layer 302. The filter layer
312 may filter or adjust the optical properties of the light
that passes through the light conversion layer 302. In
some embodiments, the filter layer 312 may include, but
is not limited to, a red-light filter layer, a green-light filter
layer, a blue-light filter layer, other filter layers having
suitable colors or performances, or a combination there-
of. In some embodiments, the filter layer 312 and the light
conversion layer 302 may have substantially the same
or similar dimensions, that is, in a cross section, in a
direction (for example, the X direction) that is perpendic-
ular to the normal direction of the first substrate 102a (for
example, the Z direction), a third length C of the filter
layer 312 and the first length A of the active layer 206
may conform to the following formula: A+1mm<C<Sp-
1mm. In some other embodiments, the third length C of
the filter layer 312 may be greater than or equal to the
second length B of the light conversion layer 302.
[0064] In addition, in some embodiments, the display
device 10A may further include a first reflective layer 314
disposed on a portion of the first insulating layer 304. As
shown in FIG. 8, in some embodiments, a portion of the
first reflective layer 314 may be disposed between the
light-emitting unit 200 and the first insulating layer 304,
a portion of the first reflective layer 314 may be disposed
between the light conversion layer 302 and the first in-
sulating layer 304, and a portion of the first insulating
layer 304 may be disposed between the second insulat-
ing layer 306 and the first insulating layer 304. The first
reflective layer 314 may reflect the light emitted by the
light-emitting unit 200 to the light conversion layer 302
to increase light conversion efficiency of the light-emitting
unit 200.
[0065] As described above, a portion of the first reflec-
tive layer 314 may be disposed between the second in-
sulating layer 306 and the first insulating layer 304. That
is, the first reflective layer 314 and the second insulating
layer 306 may at least partially overlap. Specifically, the
first reflective layer 314 and the second insulating layer
306 may at least partially overlap in the normal direction
of the first substrate 102a or the second substrate 102b.
In some embodiments, in a cross section, the first reflec-
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tive layer 314 and the second insulating layer 306 may
overlap each other with a distance D2 in a range of at
least 1mm (greater than or equal to 1mm), for example,
2mm to 100mm, or 10mm to 50mm, but the present dis-
closure is not limited thereto. It should be understood that
if the distance D2 is too large, for example, greater than
a half of the pitch (SP/2), the light reflected by the first
reflective layer 314 may affect other adjacent subpixels,
which may result in the mixing of light.
[0066] The first reflective layer 314 may include a ma-
terial having reflective properties. In some embodiments,
the material of the first reflective layer 314 may include
a metal. For example, the metal may include, but is not
limited to, copper (Cu), aluminum (Al), indium (In), ruthe-
nium (Ru), tin (Sn), gold (Au), platinum (Pt), zinc (Zn),
silver (Ag), titanium (Ti), lead (Pb), nickel (Ni), chromium
(Cr), magnesium (Mg), palladium (Pd), copper alloy, alu-
minum alloy, indium alloy, ruthenium alloy, tin alloy, gold
alloy, platinum alloy, zinc alloy, silver alloy, titanium alloy,
lead alloy, nickel alloy, chromium alloy, magnesium alloy,
palladium alloy, other suitable materials or a combination
thereof. In some other embodiments, the material of the
first reflective layer 314 may further include titanium di-
oxide, silicon dioxide or a combination thereof.
[0067] In some embodiments, the first reflective layer
314 may be formed by the above deposition process,
coating process, printing process, inkjet printing process,
other suitable processes, or a combination thereof. Fur-
thermore, the first reflective layer 314 may be formed by
one or more photolithography processes and etching
processes.
[0068] Next, refer to FIG. 9, which illustrates a cross-
sectional diagram of a display device 10B in accordance
with some other embodiments of the present disclosure.
The display device 10B is substantially similar to the dis-
play device 10A shown in FIG. 8. The difference between
them is that, the display device 10B may further include
a first spacer layer 316 disposed between the first insu-
lating layer 304 and the second insulating layer 306 in
the embodiment shown in FIG. 9. In some embodiments,
the display device 10B may further include a second
spacer layer 318 disposed between the light conversion
layer 302 and the filter layer 312. In some embodiments,
the material of the second spacer layer 318 may include,
but is not limited to, material having a low refraction co-
efficient, and the refraction coefficient may, for example,
be between 1 and 1.5, but the present disclosure is not
limited thereto.
[0069] The first spacer layer 316 may include a mate-
rial having low reflectivity (e.g., less than 30%) or low
light transmittance (e.g., less than 10%). In some em-
bodiments, the material of the first spacer layer 316 may
include black photoresists. In some embodiments, the
first spacer layer 316 may include, but is not limited to,
an organic resin, a glass paste, other suitable materials,
or a combination thereof. In some embodiments, the first
spacer layer 316 may further include, but is not limited
to, metal oxide particles (e.g., chromium oxide or titanium

dioxide), metal nitride particles (e.g., chromium nitride),
graphite particles, or a combination thereof.
[0070] Specifically, in this embodiment, the material of
the first insulating layer 304 may be formed of a material
having high reflectivity (for example, greater than 30%).
For example, a material having high reflectivity may in-
clude white photoresists. As described above, the first
spacer layer 316 may be formed of a material having low
light transmittance, and therefore, the influence of the
light reflected by the first insulating layer 304 on adjacent
subpixels may be reduced, or mutual interference be-
tween the subpixels may be reduced. Furthermore, in
this embodiment, since the first insulating layer 304 may
be formed of a material having high reflectivity, the first
reflective layer 314 may not be additionally disposed on
the first insulating layer 304. In some other embodiments,
the first insulating layer 304 may be in contact with the
light-emitting unit 200.
[0071] In some embodiments, in a cross section, in a
direction perpendicular to the normal direction of the first
substrate 102a or the second substrate 102b, the first
spacer layer 316 and the light conversion layer 302 may
be spaced apart by a minimum distance D3. In some
embodiments, the range of the distance D3 may be great-
er than or equal to 1mm, for example, from about 1mm
to about 200mm, or from about 50mm to about 100mm,
but the present disclosure is not limited thereto.
[0072] Furthermore, the second spacer layer 318 may
be formed of a material having a low refraction coefficient,
for example, the refractive coefficient may be less than
1.5. In some embodiments, the material of the second
spacer layer 318 may include, but is not limited to, an
organic resin, a glass paste, a siloxane polymer, other
suitable materials, or a combination thereof. In some em-
bodiments, the material of the second spacer layer 318
may further include a silicon oxide compound, a resin,
an air gap, or a combination thereof. For example, the
second spacer layer 318 may include the silicon oxide
compound and the air gap. The second spacer layer 318
may also include the resin and the air gap. In some em-
bodiments, the second spacer layer 318 may be trans-
parent or semi-transparent.
[0073] Next, refer to FIG. 10, which illustrates a cross-
sectional diagram of a display device 10C in accordance
with some other embodiments of the present disclosure.
The display device 10C is substantially similar to the dis-
play device 10B shown in FIG. 9. The difference between
them is that, the display device 10C may further include
a second reflective layer 320 disposed on a sidewall 200s
of the light-emitting unit 200 in the embodiment shown
in FIG. 10. In some embodiments, the second reflective
layer 320 may also be disposed on a bottom surface 200b
of the light-emitting unit 200. In some embodiments, the
second reflective layer 320 may be in contact with the
sidewall 200s and the bottom surface 200b of the light-
emitting unit 200. In addition, the second reflective layer
320 may expose the contact structure (e.g., the first elec-
trode layer 208 and the second electrode layer 210) of
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the light-emitting unit 200 for electrical connection.
[0074] The second reflective layer 320 may reduce the
light emitted by the light-emitting unit 200 from being ab-
sorbed by the first insulating layer 304, and thereby the
light-emitting efficiency of the light-emitting unit 200 may
be improved. In some embodiments, the second reflec-
tive layer 320 may include an omni-directional reflector
(ODR) structure, a distributed Bragg reflector (DBR)
structure, or a combination thereof. In particular, the om-
ni-directional reflector structure may include a stack of
dielectric material/metal reflective material/dielectric ma-
terial, and the Bragg reflector structure may include a
stack of a plurality of dielectric materials having different
refraction coefficients. In some embodiments, the dielec-
tric material may include, but is not limited to, silicon oxide
(SiOx), silicon nitride (SiNx), silicon oxynitride (SiON),
aluminum oxide (Al2O3), titanium dioxide (TiO2), other
suitable materials, or combination thereof. In some em-
bodiments, the metal reflective material may include, but
is not limited to, copper, aluminum, indium, ruthenium,
tin, gold, platinum, zinc, silver, titanium, lead, nickel, chro-
mium, magnesium, palladium, copper alloy, aluminum
alloy, indium alloy, ruthenium alloy, tin alloy, gold alloy,
platinum alloy, zinc alloy, silver alloy, titanium alloy, lead
alloy, nickel alloy, chromium alloy, magnesium alloy, pal-
ladium alloy, other suitable materials or a combination
thereof.
[0075] In some embodiments, the second reflective
layer 320 may be formed by the above deposition proc-
ess, coating process, printing process, inkjet printing
process, other suitable processes, or a combination
thereof. Furthermore, the second reflective layer 320
may be formed by one or more photolithography proc-
esses and etching processes.
[0076] In addition, in this embodiment, at least a portion
of the first reflective layer 314 may be disposed on a top
surface 304a of the first insulating layer 304 and extend
between the first spacer layer 316 and the first insulating
layer 304. In this embodiment, since the second reflective
layer 320 is disposed on the light-emitting unit 200, the
first reflective layer 314 that is disposed on the sidewall
304s of the first insulating layer 304 may be optionally
omitted. Moreover, in this embodiment, the material of
the first insulating layer 304 may include a material having
low light transmittance, for example, may include black
photoresists, but it is not limited thereto.
[0077] To summarize the above, in accordance with
some embodiments of the present disclosure, the sub-
pixel of the display device may include the active layer
and the light conversion layer having a specific dimen-
sional relationship. In addition, in accordance with some
embodiments of the present disclosure, the distance be-
tween the light-emitting unit and the light conversion layer
may be in a specific range. With the specific configuration
of the subpixel structure as described above, light con-
version efficiency of the display device may be improved,
or crosstalk between subpixels may be reduced.
[0078] Although some embodiments of the present dis-

closure and their advantages have been described in de-
tail, it should be understood that various changes, sub-
stitutions and alterations can be made herein without de-
parting from the spirit and scope of the disclosure as de-
fined by the appended claims. For example, it will be
readily understood by one of ordinary skill in the art that
many of the features, functions, processes, and materials
described herein may be varied while remaining within
the scope of the present disclosure. Moreover, the scope
of the present application is not intended to be limited to
the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods
and steps described in the specification. As one of ordi-
nary skill in the art will readily appreciate from the present
disclosure, processes, machines, manufacture, compo-
sitions of matter, means, methods, or steps, presently
existing or later to be developed, that perform substan-
tially the same function or achieve substantially the same
result as the corresponding embodiments described
herein may be utilized according to the present disclo-
sure. Accordingly, the appended claims are intended to
include within their scope such processes, machines,
manufacture, compositions of matter, means, methods,
or steps.

Claims

1. A display device (10), comprising:

a first substrate (102a);
a first subpixel (100a) disposed on the first sub-
strate; and
a second subpixel (100b) disposed adjacent to
the first subpixel and spaced apart from each
other by a pitch, and at least one of the first sub-
pixel and the second subpixel comprises:

a light-emitting unit (200) comprising an ac-
tive layer, the active layer having a first
length along a direction that is perpendicu-
lar to a normal direction of the first substrate;
and
a light conversion layer (302) disposed on
the light-emitting unit, the light conversion
layer having a second length along the di-
rection that is perpendicular to the normal
direction of the first substrate;

wherein the first length (denoted as A), the sec-
ond length (denoted as B) and the pitch (denoted
as Sp) conform to the following formula: 

2. The display device as claimed in claim 1, further com-
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prising:

a first insulating layer (304) disposed adjacent
to the light-emitting unit; and
a second insulating layer (306) disposed on the
first insulating layer;
wherein a distance (D1) between the first insu-
lating layer and the second insulating layer is
greater than or equal to 0.1 micrometers and
less than or equal to 10 micrometers.

3. The display device as claimed in claim 2, further com-
prising an adhesive layer (310) disposed between
the first insulating layer and the second insulating
layer.

4. The display device as claimed in claim 2 or 3, further
comprising a first reflective layer (314) disposed on
a portion of the first insulating layer
; or wherein at least a portion of the first reflective
layer is disposed on a top surface of the first insulat-
ing layer and between the first insulating layer and
the second insulating layer.

5. The display device as claimed in claim 4, wherein
the first reflective layer and the second insulating
layer at least partially overlap each other.

6. The display device as claimed in claim 5, wherein
the first reflective layer and the second insulating
layer overlap each other with a distance greater than
or equal to 1 micrometer.

7. The display device as claimed in any of the claims
4 to 6, further comprising a first spacer layer (316)
disposed between the first insulating layer and the
second insulating layer.

8. The display device as claimed in claim 7, wherein
the first spacer layer and the light conversion layer
are spaced apart by a distance (D3) greater than or
equal to 1 micrometer.

9. The display device as claimed in claim 7 or 8, wherein
the first reflective layer is disposed on a top surface
of the first insulating layer and extends between the
first spacer layer and the first insulating layer.

10. The display device as claimed in any of the claims
2 to 9, wherein a material of the first insulating layer
comprises a reflective material.

11. The display device as claimed in any of the claims
1 to 10, further comprising a filter layer (312) dis-
posed on the light conversion layer; and a second
spacer layer (318) disposed between the light con-
version layer and the filter layer.

12. The display device as claimed in claim 11, wherein
the filter layer has a third length along the direction
that is perpendicular to the normal direction of the
first substrate, and the third length (denoted as C),
the first length (denoted as A) and the pitch (denoted
as Sp) conform to the following formula: 

13. The display device as claimed in any of the claims
1 to 12, further comprising a second reflective layer
(320) disposed on a sidewall of the light-emitting unit
and wherein the second reflective layer is further dis-
posed on a bottom surface of the light-emitting unit.

14. The display device as claimed in claim 13, wherein
the second reflective layer comprises an omni-direc-
tional reflector (ODR) structure, a distributed Bragg
reflector (DBR) structure, or a combination thereof.

15. The display device as claimed in any of the claims
1 to 14, wherein a ratio of the second length of the
light conversion layer to the first length of the active
layer is in a range from 1.1 to 3.
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